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Abstract 
 
The microwave synthesis of MnC2O4·2H2O nano particles was performed through the 
thermal double decomposition of oxalic acid dihydrate (C2H2O4·2H2O) and 
Mn(OAc)2·4H2O solutions using a CATA-2R microwave reactor. Structural 
characterization  was performed using X-ray diffraction (XRD), particle size and 
shape were analyzed using transmission electron microscopy (TEM).  The chemical 
in the structures was investigated using electron paramagnetic resonance (EPR) as 
well as optical absorption spectra and near-infrared (NIR) spectroscopies. The 
nanocrystals produced with this method were pure and had a distorted rhombic 
octahedral structure. 
   Keywords Manganese oxalate, lindbergite, Electron paramagnetic resonance, Optical absorption 
and NIR spectra, Mn(II), Water fundamentals  
1. Introduction 
      
     Manganese is an essential element for plant and animal nutrition.  In addition, 
manganese minerals also adsorb other heavy metal ions (McKenzie, 1980). Under 
certain special conditions (aquatic environment), iron and manganese oxides release 
Fe(II) and Mn(II) ions and on drying metal oxides are formed.  Furthermore 
manganese is more mobile than iron.  In a complex, it is difficult to identify iron and 
manganese oxides using X-ray diffraction (XRD) because of the low degree of 
crystallinity (McKenzie, 1989). Nano materials that are a few nanometers in size 
exhibit unique chemical and electronic properties, which results in their potential use 
in the fields of nonlinear optics, luminescence, electronics, optoelectronics and other 
areas. Furthermore, as particles become smaller their surface properties become 
dominant because the surface/volume ratio is considerably increased. The majority of 
metal oxalates are produced as normal or pathological bio-minerals by different forms 
of life (Baran & Monje, 2008; Baran, 1995).  These materials are widely available in 
the plant kingdom.  Metal oxalates have been used as chemical precursors for 
synthetic nanomaterials, ceramic superconductors and catalysts (Baran & Monje, 
2008; Lonkova & Mehandjev, 2008). Iron oxalates and manganese oxalates are 
especially used as precursors for manufacturing lithium batteries.  
The doping of divalent manganese ions in oxalates yields new optical properties. 
The catalytic activity of manganese oxalate is known to depend on the catalyst 
precursor.  The chemicals mixed are at the atomic level rather than the particle scale.  
This aspect is investigated in the present work by studying the spectral properties of 
synthetic nano-manganese oxalate.  The natural manganese oxalate dihydrate 
MnC2O4·2H2O is called lindbergite and is white to gray in color.  
Oxalates of Mg, Mn, Fe, Co, Ni and Zn have been studied using X-ray diffraction 
(XRD) (Wilson, Jones, & Russell, 1980).  Electron paramagnetic resonance (EPR) 
and optical study of Mn2+-doped ammonium oxalate monohydrate have been reported 
and various EPR parameters were evaluated. Optical absorption results were assigned 
to Mn(II) in a cubic crystalline system (Kripal & Mishra, 2005). The general formula 
of metal oxalates is MX·Z, where M is a divalent cation of Ca, Mg, Mn, Fe, Co, Ni, 
Zn; X is oxalate anion (C2O4)2-; Z is H2O. 
Based on this formula, we predict that the metal cations and oxalate groups 
generate an infinite chain arrangement, as shown in Fig. 1. The oxalate may also 
function as a bridging ligand. Each metal ion coordinates with two water molecules, 
resulting in a distorted rhombic octahedral structure. 
Fig. 1 
In the present study, we synthesized the nano-sized manganese oxalate and 
explored its structural properties, such as structure, particle size and shape and metal-
oxygen bonding, using XRD, transmission electron microscopy (TEM), EPR, optical 
absorption and near-infrared (NIR) spectroscopies.  These studies constitute the basis 
for developing various applications of manganese oxalate nanostructures. 
2. Experimental 
2.1. Synthesis of the nanosized manganese oxalate 
All reagents used during the synthesis were of analytical grade.  Double distilled 
water was used to prepare the required solutions. The precursors were prepared by 
separately dis In the present study, we synthesized the nano-sized manganese oxalate 
and explored its structural properties, such as structure, particle size and shape and 
metal-oxygen bonding, using XRD, transmission electron microscopy (TEM), EPR, 
optical absorption and near-infrared (NIR) spectroscopies.  These studies constitute 
the basis for developing various applications of manganese oxalate nanostructures. 
2. Experimental 
2.1. Synthesis of the nanosized manganese oxalate 
All reagents used during the synthesis were of analytical grade.  Double distilled 
water was used to prepare the required solutions. The precursors were prepared by 
separately dissolving 7.15 g of oxalic acid dihydrate (C2H2O4·2H2O) [Thermo Fischer 
Scientific India Private Limited, Powal, Mumbai, India] in 30 mL of water and 13.70 
g of Mn(OAc)2·4H2O [Thermo Fischer Scientific India Private Limited, Powal, 
Mumbai, India] in 35 mL of water. Both solutions were then slowly mixed with 
rigorous stirring. Then, 3−5 mL of acetone was added to the mixture to reduce the 
particle size. The mixture was added to a 250 mL reflux flask with a magnetic stirrer 
and placed into the cavity of a CATA-2R microwave reactor, which was supplied by 
Catalyst Systems, Pune, India. The reaction was performed under boiling condition 
for 5 min in the reactor.  The solution was then cooled to room temperature and 
filtered using a suction pump. The product was a white precipitate and was collected 
by filtration, washed with water and then dried in air for approximately 48 h.  The 
product was manganese oxalate, Mn(C2O4)·2H2O. 
2.2. Characterization techniques 
The X-ray powder diffraction pattern of the Mn oxalate was recorded in reflection 
geometry on a Philips X-ray diffractometer operating at 30 mA, 40 kV with a Cu-Kα 
(λ = 1.54060 Å) source at 25ºC from 10º75º. Data were collected using a continuous 
scan rate of 1º/2 min, which was then refined into 2θ of 0.02° per step. The TEM 
images were obtained on a Philips CM 200 transmission electron microscope 
operating at 200 kV with a resolution of 0.23 nm.  EPR spectra of powdered oxalate 
samples were recorded at room temperature on a JEOL JES TE100 ESR spectrometer 
operating at the X-band frequency (υ = 9.32365 GHz) with a 100 kHz field 
modulation to obtain the first derivative EPR spectrum.  DPPH (2,2-diphenyl-1-
picrylhydrazyl) with a g factor value of 2.0036 was used for the calculation of the g 
factor. An optical absorption spectrum of the Mn oxalate sample in a mull form was 
recorded at room temperature on a Carey 5E UV-Vis-NIR spectrophotometer with 
wavelengths ranging from 200−2500 nm. Band component analysis was performed 
using the Jandel “PEAKFIT” software package (Lakshmi Reddy et al., 2006), which 
enabled the type of fitting functions to be selected and specific parameters to be fixed 
or varied accordingly. Band fitting was conducted using a Lorentz–Gauss cross 
product function with a minimum number of component bands during the fitting 
process. The Lorentz–Gauss ratio was maintained at values greater than 0.7, and 
fitting was performed until reproducible results were obtained with squared 
correlations of r2 greater than 0.9975 
3. Results and discussion  
3.1. XRD results 
Figure 2 presents the XRD pattern of the nano-manganese oxalate recorded on the 
Philips diffractrometer at 25ºC.  Peaks were characterized using the Scherrer formula. 
The peaks were very sharp, indicateing good crystallinity of the compound.  The list 
of X-ray peaks from the nano-manganese oxalate sample is presented in Fig. 2. The 
unit cell constants obtained from these peaks were a = 9.98 Å, b = 5.40 Å and c = 
12.45 Å.  This result confirms that the nano-manganese oxalate adopts a distorted 
octahedral rhombic structure. The X-ray density dx was calculated using the formula 
x 3
Z Md
N V
  , where Z represents the number of molecules in a unit cell of the 
manganese oxalate lattice, M is the molecular weight of the compound (179 g/mol), N 
is Avogadro’s number and V is the lattice volume of the sample (Cullity, 1959).  The 
calculated X-ray density was 3.54×103 kg/mm3.  This result indicates that X-ray 
density depends on mass.  The percentage porosity of sample was calculated using the 
relation, percentage porosity  
x
(%) 1 100,dP d   with d being the bulk density of 
the material (for nano-manganese oxalate, d = 2.4 g/cm3) (International tables, 1968). 
The calculated value of the percentage porosity was 32.   
Fig. 2 
3.2. TEM analysis 
Figure 3 presents typical bright field TEM micrographs of the synthesized 
manganese oxalate nanoparticles.  It is observed from the images that the particles 
were cylindrical and approximately 70 nm in size. These particles are very closely 
joined together, which forms agglomerates.  Over deposition of Mn oxalate into pores 
results in the formation of independent Mn oxalate nanorods.  However, we obtained 
a pattern that resembled palm tree leaves, a botanical plant species as shown in Fig. 3.  
It might be speculated from the report of Kumar, Kumar, Sharma and Chakravarti 
(2008) that over deposition of Mn oxalate may also result in the formation of metallic 
palm tree leaves that have micro-cylindrical petals with nanometer dimensions 
Fig.3 
 
3.3. EPR spectral analysis 
EPR measurements are useful for obtaining information regarding the location of 
the Mn2+ ions within the lattice of the oxalate nanocrystals. Investigations on the 
manganese doped nanocompounds yielded three possibilities (Counio, Esnouf, 
Gacoin, & Boilot, 1996; Kennedy, Glaser, Klein, & Bhargava, 1995; Borse et al., 
1999). First, a six-line-Mn2+ spectrum with hyperfine-splitting of the bulk single 
crystals is observed, due to a single Mn2+ ion locating in the core of the nanocrystals. 
Second, if the Mn2+ ions locate near the surface of the nanocrystals, larger hyperfine 
splitting will be observed. And  third, if the Mn2+ ions exhibit dipole-dipole 
interactions or exchange interactions between pairs of Mn2+ clusters, a broad 
unstructured signal with a peak will be observed. 
Fig. 4 presents the EPR spectrum of the nanocrystals prepared in this work. A 
single resonance line was observed in the EPR spectrum, which is characteristic of 
Mn2+ ion.  Based on the position of the peak in the EPR spectrum, the spectroscopic 
splitting factor was evaluated at g = 2.130, suggesting that the majority of the 
nanocrystals contain more than one Mn2+ ion. Furthermore, this observation is also an 
evidence that the high Mn2+ concentration used for the synthesis results in doping 
with two or more ions, resulting in the broad, unstructured EPR signal. These results 
are in agreement with the TEM results. Furthermore, the Mn-based nanorods 
exhibited temperature-independent paramagnetism.   
Fig. 4 
3.4. Optical absorption spectroscopic analysis 
The total optical absorption spectrum of Mn(II) oxalate nanocrystals that was 
recorded in the mull form at room temperature from 200−2500 nm is shown in Fig. 5.  
The band component analysis was conveniently divided into several ranges, as shown 
in Figs. (a)–(e). Fig. 6(a) presents the band component analysis spectrum in the range 
of 200−500 nm, consisting of bands at 210, 225, 240, 245, 275 and 280 nm. Fig. 6(b) 
presents the spectrum in the range of 500−1300 nm, spanning energies at 595, 630, 
810, 935, 1085, 1190 and 1215 nm. These spectral features are similar to Mn(II) when 
it is present in natural compounds (Lakshmi Reddy, Reddy, Ramesh, & Reddy, 1988; 
Lakshmi Reddy et al.,2006).  
Figs. 5 & 6 
The analysis of the bands for Mn(II) in the spectrum is as follows (Lakshmi Reddy 
et al., 1988; Lakshmi Reddy et al., 2006). The band observed at 12345 cm–1 (i.e. 810 
nm) was assigned to the transition 6A1g(S)  4T1g(G), whereas the band at 16340 cm–
1 (i.e. 612 nm) is the average of 15870 and 16810 cm-1 and was assigned to the 
transition 6A1g(S)   4T2g(G). The third band (3) at approximately 24000 cm–1 (i.e. 
417 nm) was assigned to the 4A1g(G)  4E(G) transition, which was not observed in 
the compound. The energy matrices for the d5 configuration were solved for different 
values of crystal field splitting parameter Dq, and Racah parameters B and C.  The 
parameters that provided a good fit to the experimental data were Dq = 900 cm–1, B = 
600 cm–1, C = 2500 cm–1 and α = 90 cm–1.  The band headed data, their assignments 
and the calculated values are presented in Table 1. 
Table 1 
The two bands observed at 10695 and 9215 cm–1 (i.e. 935 and 1085 nm) were 
broad and intense, and they were assigned to the two band components of the same 
transition, 5T2g   5Eg, for divalent iron in the oxalate compound. The average of 
these bands, i.e. 9955 cm–1 (i.e. 1005 nm), was taken as 10Dq.  Accordingly, the Dq 
value was 995 cm–1. The splitting of the 10Dq band (10695 – 9215 = 1480 cm–1) 
resulted from the dynamic Jahn-Teller effect in the excited 5Eg state because the 
splitting value was an intermediate value between 100 and 2000 cm–1  (Faye, 1968; 
Low & Weger, 1960).  This band was a result of an impurity in the chemicals used 
during the synthesis of the Mn(II) oxalate. 
The XRD, TEM, EPR and optical absorption analyses of the Mn(II) oxalate 
confirm the existence of Mn(II) ions in rhombic symmetry.   
3.5. NIR spectroscopic analysis 
 
 Water has C2V symmetry and has three fundamental vibrational modes.  These 
modes are 1, 2 and 3, which represent the symmetric OH stretch, the asymmetric 
OH stretch and the H-O-H bending, respectively. In the vapor phase, 1, 2 and 3 
occur at 3652, 1595 and 3756 cm–1, respectively (Herzberg, 1962).  In liquid phase, 
these vibrational modes are shifted to 3219, 1645 and 3445 cm–1, and in solid phase, 
they are shifted to 3200, 1640 and 3400 cm–1.  The shifts of 1 and 3 modes towards 
lower frequencies and the shift of 2 mode towards higher frequencies are 
characteristic of hydrogen bonding (Hunt & Salisbury, 1970).  
3.5.1. 1300−1800 nm spectral region 
The first overtones of the OH stretching occur in the spectral region from 1300 to 
1800 nm, as shown in Fig. 6(c).  The oxalate sample presents a unique, broad band 
with maximum intensity centered at 6710 cm-1 (i.e.1490 nm) and has four component 
bands  at 7435,7220,6990 and 6310 cm-1 (i.e. 1345, 1385, 1430 and 1585 nm).  This 
broad peak may be a result of the complexity of the bands due to the long chain and 
may be resolved into a series of overlapping bands. This overlap may be due to the 
combination of the OH stretching fundamental and the metal-OH deformation modes.  
The fundamental internal modes of the oxalate ion exhibit peaks at 1577, 1487, 1311, 
902, 780, 605, 522, 449, 353 and 305 cm–1 (Tokeer, Reenu, Ramanujachary, Lofland, 
& Ganguli, 2005).  
In the NIR spectra, all of the spectral features result from the vibrations of the 
hydroxyl and oxalate ions.  From Fig. 6(c), it is clear that only two groups of bands 
are observed in the region from 1300−1800 nm. These features occurred at 7435 to 
6310 cm–1 (i.e. 1345–1585 nm) and 5865 to 5680 cm–1 (i.e. 1700–1760 nm).   
Whenever water is present in a compound, two characteristic bands generally 
appear at approximately 7000 cm–1 (i.e. 1430 nm) due to the 23, and at 5200 cm–1 
(i.e. 1930 nm) due to the (2 + 3) mode. The first overtone and the combinations of 
the stretching modes result in the numerous, relatively sharp features that are centered 
at 6700 cm–1 (i.e. 1493 nm), and the combination of the stretching and bending modes 
produces the feature near 4350 cm–1 (i.e. 2300 nm, see Fig. 6(e)). Broad bands 
indicate that the water molecules are relatively disordered, and sharp bands indicate 
that the water molecules are located in well-defined, ordered sites (Hunt & Salisbury, 
1970).  Accordingly, the first set of sharp bands were located at approximately 5460 
cm–1 (i.e. 1830 nm, see Fig. 6(d)) and another set were centered at 6710 cm–1 (i.e. 
1490 nm) with four components, which were attributed to water because of the (2 + 
3 ) vibrations and the 23 vibrations. The group of bands observed in range of 5880 
to 5680 cm–1 (i.e. 1700–1760 nm), which was centered at 5800 cm–1 (i.e. 1725 nm), 
was identified as overtones and combination tones of the oxalate ion.  
3.5.2. 1800−2200 nm spectral region 
Figure 6(d) presents two groups of very sharp bands in the region from 1800−2250 
nm.  The maximum intense sharp profile of the band at 4760 cm–1 (i.e. 2100 nm) and 
another sharp band 5180 cm–1 (i.e. 1930 nm) with a split component at 5060 cm–1 (i.e. 
1975 nm) were identified as the H-O-H bend and the asymmetric OH stretch, whereas 
the profile of the bands with a maximum intensity at 4760 cm–1 was a result of the 
combinational modes of the oxalate molecule. 
3.5.3. 2200−2500 nm spectral region 
Figure 6(e) shows a very sharp band centered at 4330 cm–1 (i.e. 2310 nm) with 
shoulders on either side that have almost equal intensity.  This band was assigned to 
the combination of OH stretching and Mn-OH vibrations and the oxalate ion.  The 
low wavenumber bands near 4050 cm–1 (i.e. 2470 nm) may be attributed to Mn-OH 
units (Clark, King, Klejwa, Swayze, & Vergo, 1990).    
4. Conclusions 
1. The synthesized nano-manganese oxalate was highly crystalline.  
2. XRD results indicated that the oxalate had rhombic symmetry with lattice 
constants a = 12.675 Å, b = 5.40 Å, and c = 9.98 Å  
3. TEM images revealed that the particles were cylindrical in shape and that 
manganese was over-doped in the structure. The crystal structure was 
orthorhombic. 
4. XRD and TEM analyses confirmed the nanocrystalline nature of the 
synthesized manganese oxalate. 
5. EPR results indicated that the nano-manganese oxalate consisted of Mn(II) ion 
which was in higher concentration.  
6. Optical absorption spectrum was characterized by the Mn+2 in the nano-
manganese oxalate, which is in a distorted octahedral structure. 
7. NIR results were due to the fundamental vibrations of water and the oxalates, 
which indicated that water molecules were not free but were bounded to the 
metal ions as ligands.  
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Fig. 1. Structural model of metal oxalates, showing generation of an infinite chain 
arrangement by metal cations and oxalate groups along the route from (A) through 
(B). 
 
 
 
 
 
Fig. 2. XRD pattern of nano-manganese oxalate. 
 
 
 
 
 
 
 
 
 
  
Fig. 3. TEM micrographs of MnC2O4·2H2O nanoparticles. 
 
 
Fig. 4. EPR spectrum of Mn(II) oxalate nanocrystals at room temperature with υ = 9. 32365 GHz. 
 
 
 Fig. 5. Total optical absorption spectrum of the Mn(II) oxalate nanocrystals at room 
temperature. 
 
 
 
 
 
 
 
 
 
  
 
 
(a) 200−500 nm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 500−1300 nm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) 1300−1800 nm 
 
 
 
 
 
 
 
 
 
 
(d) 1800−2250 nm 
 
 
 
 
 
 (e) 2250−2500 nm 
Fig. 6. Visible and NIR optical absorption spectra of Mn(II) oxalate nanocrystals at 
room temperature, shown separately in five successive wavelength ranges. 
 
 
 
 
 
